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As proposed first by MÁLAGA (1954) and observed in subse-
quent studies (e.g., CRESPO et al. 1972, ESBERARD 2007), some bat
species tend to be less active on brighter nights. MORRISON (1978)
coined the term ‘lunar phobia’ to explain this behavior: some
nocturnal animals avoid brighter periods of the night, in order
to reduce predation risk, as their main natural enemies are visu-
ally oriented. Lunar phobia has been documented for a wide
range of small nocturnal animals, from scorpions (SKUTELSKY 1996)
to rodents (CLARKE 1983). For bats (Mammalia: Chiroptera), posi-
tive (ELANGOVAN & MARIMUTHU 2001) and negative (GANNON &
WILLIG 1997) evidence of lunar phobia has been obtained.
This controversy may result from ecological differences
among bat species. Most Neotropical bats are subject to a con-
siderable predation pressure (e.g., BARNETT et al. 2007, ESBERARD
& VRCIBRADIC 2007, MOLINARI et al. 2005) that may affect their
naturally slow population dynamics (BARCLAY & HARDER 2003).
The response of a bat species to moonlight is probably a trade-
off between predation risk and the need for finding enough
food (SALDAÑA-VÁZQUEZ & MUNGUÍA-ROSAS in press). For example,
nectar-drinking and insectivorous bats must adjust their for-
aging time to periods when their food is available (LANG et al.
2006), whereas some frugivorous bats avoid foraging during
bright periods, probably because their food is more predict-
able in space and time, and so they can afford waiting
(ELANGOVAN & MARIMUTHU 2001). Recently, it has been proposed
that lunar phobia may be also a function of foraging habitat,
as species that forage in open areas are more exposed to preda-
tors than species that forage in the forest interior (SALDAÑA-
VÁZQUEZ & MUNGUÍA-ROSAS, in press). There seem to be also
differences among data collection methods, as evidence from
radio-tracking and mist netting studies, for instance, are some-
times contradictory (THIES et al. 2006).
Another important issue is how the data are analyzed. In
most studies, data from different nights are pooled according to
broad categories such as bright vs. dark nights, or according to
moon phases (e.g., BORK 2006, ESBERARD 2007, MORRISON 1978).
However, there is large variability in bat activity among nights
and also within the same night (e.g., AGUIAR & MARINHO-FILHO 2004).
Therefore, we aimed at testing the hypothesis of lunar phobia at
two different time scales: 1) among nights, i.e., by comparing
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ABSTRACT. Some bat species seem to be lunar phobic, i.e., they avoid flying in bright areas or during bright periods of the
night; however, the evidence is still controversial. We think that part of this controversy comes from pooling data on bat
captures and moonlight intensity according to broad categories, such as moon phases, which conceal the high variability
among nights. Therefore, we used detailed, long-term field data on three phyllostomid bat species, in order to test the
hypothesis of lunar phobia at two different time scales: 1) among nights, by pooling data of different nights according to
moon phases and testing for differences in the distribution of captures; and 2) within a night, by analyzing the relationship
between capturability and moonlight intensity (measured as illuminance) in one-hour intervals for 29 individual nights.
Although most captures of the studied bat species occurred in the first half of the night, their activity pattern varied largely
among nights, and was not always unimodal as commonly assumed. At the larger time scale, all studied bat species
showed evidence of lunar phobia, as they were more frequently captured on dark moon phases. Nevertheless, at the
smaller time scale, only Carollia perspicillata (Linnaeus, 1758) was less frequently captured on brighter periods of the night.
We propose that the unimodal activity pattern assumed for frugivorous phyllostomid bats may be an artifact of data
organization, and that activity and lunar phobia are much more variable than previously assumed.
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nights of dark vs. bright moon phases; and 2) within a night, i.e.,
by testing for a negative relationship between capturability and
illuminance in one-hour intervals of the same night. If
phyllostomid bats really avoid brighter nights or periods of the
same night, in order to escape predators, we expected a lunar
phobic bat species to show this behavior at both time scales.
MATERIAL AND METHODS
The present study was carried out in the lowland Atlan-
tic Forest of Poço das Antas Biological Reserve (hereafter ‘Poço
das Antas’), southeastern Brazil (22°30’-22°33’S, 42°15’-
42°19’W). The reserve has 6,100 ha, and the regional climate
is tropical humid (SCARANO 2002). Our study area comprises
eight small forest remnants locally known as Ilhas dos Barba-
dos. They are located on low hills and surrounded by grass-
lands and clumps of bracken (MELLO et al. 2004).
The most recent inventory of the reserve’s mammal fauna
was published by BRITO et al. (2004), while its flora was listed
by GUIMARÃES et al. (1988). Several nocturnal bat predators
(HANDLEY et al. 1991, MOLINARI et al. 2005, ROCHA-MENDES &
BIANCONI 2009), such as carnivorous bats: Chrotopterus auritus
(Peters, 1856) and Phyllostomus hastatus (Pallas, 1767); owls:
Tyto alba (Scopoli, 1769) and Speotyto cunicularia (Molina, 1782);
opossums: Didelphis aurita (Wied-Neuwied, 1826) and Philan-
der frenata (Olfers, 1818); cats: Leopardus pardalis (Linnaeus,
1758) and Leopardus wiedii (Schinz, 1821); coatis: Nasua nasua
(Linnaeus, 1766); and raccoons: Procyon cancrivorous (Cuvier,
1798), are known to occur in Poço das Antas (BRITO et al. 2004).
There are also several snake species in the area, some of which
are known bat predators, such as Boa constrictor Linnaeus, 1758;
however, there is no estimate of bat predation pressure in the
reserve, except for some occasional reports (e.g., LIRA et al. 2006)
and one report from a neighboring reserve (NOGUEIRA et al. 2006).
Fieldwork was carried monthly from February 2000 to
September 2001 (except for December 2000, January and May
2001), summing up 29 sampling nights distributed in 17
months (some nights were excluded from the analysis due to
heavy rain). Bats were captured using six mist nets per night (7
x 3 m – Ecotone, Inc., Poland) set across trails that dissected
different habitats, ranging from forest interiors and forest edges
to grasslands and second-growth.
We used capture data collected under different environ-
mental conditions (i.e., moon phase, air temperature, and cloud
cover), to encompass most of the natural variability of the sys-
tem. Nights of heavy rain were excluded from analysis. The total
sampling effort amounted to 43,848 m2.h (area of a net multi-
plied by the number of nets each night and the total of hours
sampled, STRAUBE & BIANCONI 2002). We checked the nets every 30
minutes and recorded the time of capture of each individual bat.
Species were identified using a combination of different
keys (CLOUTIER & THOMAS 1992, EMMONS & FEER 1997, GANNON et
al. 1989, VIZOTTO & TADDEI 1973). Identifications were confirmed
by Marcelo R. Nogueira and vouchers were deposited in the
Adriano L. Peracchi Collection at the Federal Rural University
of Rio de Janeiro, Brazil.
Each bat was individually marked with a metallic
armband (A.C. Hughes, Inc., England). Recaptures within the
same night were excluded from the analysis, although recap-
tures in different months were not. We considered data only
for the three most captured species, which had large enough
sample sizes for the kind of analysis carried out in this study:
Artibeus lituratus (Olfers, 1818), Carollia perspicillata (Linnaeus,
1758), and Sturnira lilium (É. Geoff roy, 1810). They are com-
mon and widespread phyllostomid bat species (GARDNER 2008),
which play important roles as seed dispersers (MELLO et al. 2011).
Several studies have evaluated the effect of moonlight
on bat activity by pooling captures according to bright vs. dark
nights or according to moon phases (e.g., MORRISON 1978). This
categorization conceals the variability in capturability and
moonlight among nights. Therefore, we analyzed our data at
two different time scales.
First, we analyzed the effect of moonlight on bat
capturability at the moon phase scale (i.e., among nights). We
pooled capture data according to moon phase, using the stan-
dard classification adopted by Observatório Nacional do Rio
de Janeiro: the new moon starts when the Moon is perfectly
aligned with the Sun and its non-visible side (from the Earth)
is totally illuminated; this phase lasts seven days, and then
gives place to the waxing phase, and so on. Then we tested for
differences in the distribution of captures among moon phases
with adherence chi-squared tests. As the sampling effort dif-
fered among moon phases, we corrected this bias by using the
number of nights sampled to calculate the expected frequen-
cies used in the chi-squared test. The number of captures was
used as a surrogate for bat activity under the assumption that
higher flight activity of bats leads to higher capture rates (as in
AGUIAR & MARINHO-FILHO 2004).
Second, we assessed the same relationship at the scale of
a single night (i.e., within a night). We divided each night into
one-hour intervals, and analyzed each interval as an indepen-
dent sampling unit. We used illuminance as a continuous
measure of moonlight intensity. Illuminance is the amount of
sunlight reflected by the Moon, taking into account its posi-
tion relative to the Earth and the Sun (phase), as well as its
position in the sky (elevation), and is expressed as a propor-
tion. J.K.L. Moreira (Observatório Nacional do Rio de Janeiro)
provided us with data on illuminance.
We used the number of hours after sunset to characterize
the time of capture of each bat; local sunset time ranged from
17:12 (winter) to 18:29 (summer). To test for the relationship
between moon illuminance and bat captures, we applied a loga-
rithmic regression: y = a + b * ln(x). We chose a nonlinear model,
because we assumed that captures should first decrease fast as
moonlight increases until reaching a plateau with a very low
number of captures, as above a given illuminance threshold bright-
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ness would be already too intense. Illuminance values for each
time interval were calculated as the arithmetic mean of the val-
ues for the beginning and the end of the period.
All statistical analyses followed ZAR (1996) and were car-
ried out in R 2.15.1 and SPSS 20.0 for Mac.
RESULTS
We captured 1,054 bats of 14 species during this study
(36 ± 28 bats per night, recaptures included, success = 8.3 x 10-
4
 captures/h.m
2). This corresponds to 56% of the known bat
fauna of Poço das Antas (25 spp., BRITO et al. 2004). Bats of the
family Phyllostomidae accounted for nine species and 97% of
all captures (1,019 captures). Three species totalized 93% of all
captures: C. perspicillata represented 77% (N = 816), A. lituratus
9% (N = 99 captures), and S. lilium 6% (N = 68 captures).
The average (± sd) number of captures of phyllostomid
bats per night was highly variable, ranging from 1 to 119 (36 ±
28, mean ± sd). Most captures of the three study species oc-
curred in the first half of the night (764, i.e. 78%, Fig. 1). There
was large variability in the number of captures among nights
for all three species, and a unimodal pattern could not be ob-
served (Table I).
At the among-nights scale, we observed that all three
bat species were captured in lower frequency on brighter moon
phases, even considering the differences in sampling effort
among nights (A. lituratus: 2 = 9.17, p = 0.03; C. perspicillata:
2 = 109.91, p < 0.001; S. lilium: 2 = 12.13, p = 0.007) (Fig. 2)
At the within-a-night scale, captures of C. perspicillata
tended to be lower during periods of higher illuminance (r2 =
0.16, p < 0.001). In contrast, moon illuminance did not ex-
plain the variations in capturability neither for A. lituratus (r2
= 0.05, p = 0.11) nor S. lilium (r2 = 0.01, p = 0.40) (Fig. 3).
DISCUSSION
In the present study, using detailed, long-term field data,
we observed that the capturability of three very common spe-
cies of frugivorous phyllostomid bats is highly variable among
nights, and that evidence of lunar phobia are observed at a
large time scale, but not at a smaller scale. In other words, all
three studied bat species seem to be lunar phobic, when data
are pooled according to moon phases. However, by analyzing
one-hour intervals of the same night, only C. perspicillata seems
to avoid brighter periods of the night.
First, considering the main forces that supposedly ex-
plain lunar phobia in bats, i.e., variations in food availability
and predator escape (SALDAÑA-VÁZQUEZ & MUNGUÍA-ROSAS, in
press), we can readily discard the former, as all three studied
species are primary frugivores that depend on fruits for living
(MELLO et al. 2011). The main fruit genera on which these bat
species depend – Cecropia Loefl., Ficus L., and Piper L., (LOBOVA
et al. 2009) produce ripe fruits in the beginning of the night;
Figure 1. Variation in the number of captures of the bats Artibeus
lituratus, Carollia perspicillata, and Sturnira lilium, in relation to one-
hour periods of 29 nights, in the Poço das Antas Biological Re-
serve, southeastern Brazil. The number of captures of the three
studied bat species varied largely among nights. The variability in
capturability among nights is represented as mean (center dots)
and standard deviation (vertical dashed lines).
thus, there is no change in food availability for these bats caused
by changes in moonlight.
It could be that bats move to darker parts of the environ-
ment, such as forest interiors, when the night is brighter (GANNON
& WILLIG 1997). Although this may be true for some bat species,
such a change of foraging habitat would be restrained by the spa-
tial distribution of the main food-plants of a bat species. In other
words, in the area, the main fruits eaten by C. perspicillata (Piper)
and S. lilium (Solanum) (LOBOVA et al. 2009, MARINHO-FILHO 1991)
are both more abundant on forest edges. Therefore, these two bat
species need to forage mainly in these habitats, and would prob-
ably not find enough fruits in the forest interior. The same is true
for A. lituratus, which focuses on Cecropia and Ficus (LOBOVA et al.
2009), as this species is a canopy forager that searches for fruits of
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Figure 2. Variation in the number of captures of the bats Artibeus lituratus, Carollia perspicillata, and Sturnira lilium, in relation to moon
phases, in the Poço das Antas Biological Reserve, southeastern Brazil. At this “among nights” scale, bats of all three studied species were
captured more frequently on darker moon phases, even considering differences in sampling effort among moon phases.
isolated trees in the forest interior but also in open areas and
forest edges. Therefore, A. lituratus would be the only species for
which a change of habitat could occur as a result of lunar phobia.
But we sampled different kinds of environment in our study, both
open and closed, and the only species with evidence of lunar
phobia at the scale of a single night was C. perspicillata. There-
fore, differences in foraging habitat do not seem to explain the
differences in lunar phobia observed among the studied species.
Alternatively, the differences in capturability observed
among moon phases may result from predator escape, especially
considering that the study area contains several natural enemies
of bats. It remains to be investigated how strong is predator pres-
sure for phyllostomid bats in Poço das Antas. Nevertheless, we
can assume that it is strong enough to affect at least some bat
species, as several potential bat predators have been recorded in
the area and one record of predation of C. perspicillata by a car-
nivorous bat, C. auritus, has been made in the neighboring União
Biological Reserve (NOGUEIRA et al. 2006). Anyway, as already
mentioned, it is hard to explain the differences in lunar phobic
behavior observed among these three bat species, when consid-
ering a finer time scale. It could be that a negative relationship
between capturability and illuminance for C. perspicillata could
be observed, because the sample size for this species was large
enough. If this is true, larger samples would be needed to ob-
serve a similar effect also for A. lituratus and S. lilium. We should
also consider that both C. perspicillata and S. lilium forage mainly
on shrubs and treelets of the genera Piper and Solanum, respec-
tively (LOBOVA et al. 2009, MARINHO-FILHO 1991), which occur more
frequently on forest edges but also in the forest interior. There-
fore, the only ecological difference that could explain the former
being lunar phobic at a small time scale, but not the latter, would
be Piper being more abundant on forest edges than Solanum,
Table I. Variation in the number of captures of the bats Artibeus lituratus, Carollia perspicillata, and Sturnira lilium, in relation to one-hour
periods of 29 nights, in the Poço das Antas Biological Reserve, southeastern Brazil. The number of captures of the three studied bat species
was highly variable within and among nights (mean ± sd, minimum/maximum). Number of nights sampled: Artibeus lituratus = 18,
Carollia perspicillata = 29, Sturnira lilium = 19. The capture period is expressed as hours after local sunset.
Capture period
Artibeus lituratus Carollia perspicillata Sturnira lilium
mean sd min-max mean sd min-max mean sd min-max
00-01 2.0 1.7 1-4 6.1 8.5 1-24 1.0 0.0 1-1
01-02 2.3 2.6 1-8 6.8 5.0 1-25 2.1 1.2 1-4
02-03 1.8 1.0 1-3 3.8 5.9 1-21 1.8 1.5 1-4
03-04 2.7 1.8 1-6 5.2 5.2 1-16 1.2 0.4 1-2
04-05 2.0 1.2 1-4 4.7 5.3 1-18 1.6 0.5 1-2
05-06 2.2 2.4 1-7 7.5 7.0 1-28 1.5 0.7 1-2
06-07 1.3 0.5 1-2 5.1 6.0 1-18 1.4 0.5 1-2
07-08 3.0 2.0 1-5 2.2 2.2 1-13 1.0 0.0 1-1
08-09 1.5 0.7 1-2 2.5 2.4 1-9 2.0 0.0 2-2
09-10 1.0 0.0 1-1 2.6 1.9 1-10 1.2 0.4 1-2
10-11 1.0 0.0 1-1 3.0 2.0 1-6 1.0 0.0 1-1
11-12 1.0 0.0 1-1 5.0 0.0 2-7 2.5 2.1 1-4
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Figure 3. Variation in the number of captures of the bats Artibeus
lituratus, Carollia perspicillata, and Sturnira lilium, in relation to moon
illuminance in one-hour periods of 29 nights, in the Poço das Antas
Biological Reserve, southeastern Brazil. this “within a night” scale,
only the bat species C. perspicillata was captured less frequently in
brighter periods of the night; there was no similar effect for the other
two species.
which would cause Carollia bats to be more exposed to visually-
oriented predators. Among the three studied bat species, the
one that potentially has the strongest tendency to be lunar pho-
bic would be A. lituratus, as it forages mainly in exposed habi-
tats, considering the general patterns pointed out in a recent
meta-analysis (SALDAÑA-VÁZQUEZ & MUNGUÍA-ROSAS, in press); how-
ever, our data do not support this hypothesis. In addition, A.
lituratus is much larger than C. perspicillata and S. lilium (GARDNER
2008), which could lead to a lower predation pressure, detect-
able only with a larger sample size.
In summary, our findings point out that the activity of
frugivorous phyllostomids is highly variable within and among
nights, and that evidence of lunar phobia may be observed at
larger temporal scales, but not at smaller scales. This might be
one simple explanation for the contradictory results obtained
in mist netting vs. radiotracking studies, whose results are usu-
ally analyzed at a large and a small time scale, respectively. In
order to further understand the phenomenon of lunar phobia
in phyllostomid bats, it is necessary to assess the predation
pressure in the study area, in order to test how it balances with
food availability and energy requirements on a few nights or
within a single night. We also recommend that future studies
do not conceal the within- and among-night variability in bat
activity, as important clues to the underlying mechanisms of
lunar phobia may be obtained with this approach.
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